In this paper, multi-walled carbon nanotubes (CNTs) were first purified and oxidized by blend acid composed of vitriol and nitric acid, and then surface decorated with biopolymer chitosan via a controlled surface deposition and crosslinking process. The results showed that the diameter of CNTs became thicker because the surface of CNTs was covered with chitsoan, and the dispersion of CNTs was improved.
INTRODUCTION
Carbon nanotubes (CNTs) are an example of a carbon-based nanomaterial, whose unique properties have sparked enormous popularity in nanotechnology since the first radix carbon nano-tube was found in 1991 [1] . Nowadays, Much attention has been paid on CNTs, due to their small size and extraordinary physicochemical properties, in combination with their unique tubular morphology, not only for their huge potential industrial application, but also in biological application including biosensors, drug and vaccine delivery and the preparation of novel biomaterials for bone tissue engineering [2] [3] [4] [5] [6] [7] [8] . However, there are two obstacles to overcome in its application: First, CNTs are prone to aggradation in animals lung, which is harmful to their health [9] , Secondly, the poor wettability of the CNTs surface often induces weak interfacial bonding, hence the improvement of the composites mechanical properties is limited [6] .
Chitosan (CS), a polysaccharide derived from crustacean shells by deacetylation of naturally occurring chitin, is currently being investigated for many pharmaceutical applications [10] . In recent years, some investigations have been carried out to fabricate CNTs/CS composites [11] [12] [13] . Although CS coated CNTs have been attained, the controllable coating is still a very challenging issue because the coating lacks sufficient stabilization. In this research, we take use of chitosan which is a kind of natural high molecular weight material with good biocompatibility and bio-activity to decorate and functional the purified and oxidized multi-wall carbon nanotubes in order to attain a kind of multi-wall nanotubes/chitosan composites combining the biocompatibility of chitosan and the unique electrical mechanical magnetical properties of pristine multiwall carbon nanotubes.
2.EXPERIMENTAL SECTION 2.1 Materials and instrumentation
Mutil-wall carbon nanotubes (CNTs) in our experiments were purchased from Shenzhen Nanotech Port Co, Ltd. Chitosan(DD=95%) were kindly provided by Jinan haidebei Marine Bioengineering Co, Ltd. The functionalized MWNT were characterized by Fourier-transformed infrared spectroscopy, Nicolet NEXUS 170 FT-IR Spectrometer was employed on the KBr pellets. Powder X-ray diffraction(XRD) patterns of the crystals were obtained from a Rigaku D/MAX-VA X-ray diffractometer using Cu Kàradiation. The microstructure of material was observed by Philips U-Twin Tecnai20 High-resolution transmission electron microscopy (HRTEM) and JEOL JSM-7600F scanning electron microscope (SEM).
Synthesis of chitosan/CNTs composites
In this paper, firstly we purified and oxidized the multi-wall carbon nanotubes with 6 mol/L hydrochloric acid and acid mixture of sulfuric acid: nitric acid with the ratio of 3:1. Secondly, with the assistance of anionic surfactant sodium dodecylsulfonate (SDS ) as a dispersant, we attain a dispersed system of pretreated multi-wall carbon nanotubes and chitosan . Then, decorate the multiwall carbon nanotubes with chitosan via ion disposition crosslinking using glutaraldehyde as the crosslinking agent. In a typical experiment, the CS, CNTs (CS:CNTs=1:1, w:w) and very little SDS were treated under an ultrasonic field for 1 hour in 2 percent acetic acid solution, and then was stirred for 1 hour. During this step, the CS and CNTs were well dispersed. The pH of CS/CNTs suspension was increased to 10 with diluted ammonia solution was dropwise added into the solution. During this process, the soluble chitosan deposit on the surface of CNTs forming a layer of chitosan coating. The suspension was heated at 60 o C and 0.05g 6% glutaraldehyde was added into the system. After 36 hour, the CS/CNTs composite was washed with diluted acetic acid. The last product was dried under vacuum for 80h at 50 o C. Finally, we characterized the composites with field emission scanning electron microscopy, X-ray and infrared spectra. Discreetly characterization and analysis indicate that the CNTs in the composites we have obtained is uniformly coated, and with few concentration phenomena. It indicated that we successfully decorated the CNTs with chitosan. The basics of our method are schematically shown in Fig.  1 .
RESULTS AND DISCUSSION
The physical damage and lengths of the nanotubes after refluxing was examined by TEM (Fig.2) . The treatment is quite thorough, and impurities are fully eliminated. Tips of some Multi-wall carbon nanotubes are opened. The chemically modified CNTs were further characterized by FT-IR spectroscopy (Fig.3) . The peaks at 1572 cm -1 are assigned to C=C stretching, which originate from inherent structure of carbon nanotubes. The peaks at 1704 cm -1 are in correspondence to C=O, C-O stretching, respectively, which indicate the existence of carboxyl groups. It indicated high-dense flaw and functional group are generated or introduced on the surface of carbon nanotubes that can improved its surface activation in favour of the interface link between carbon nanotubes and chitosan. The XRD patterns of CS/CNTs composites are shown in Fig.4 . From the figure, it can be found that before and after the modification, the XRD peaks of carbon nanotubes are in the same basic position, but the absorption of intensity were changed. The diffraction peaks position of CS in CS/CNTs composites moved to high degrees. At the same time, the diffraction peaks of CS/CNTs composites are gentler and fine structure is more obvious which indicate the surface of CNTs has been partly coated with chitosan.
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Preparation of chitosan /carbon nanotubes composites
The FT-IR spectra of CS(a) and CS/CNTs (b)composites is showed in Fig.5 . They exhibit similarly strong and broad overlapping bands at 3498 cm -1 which is the stretching vibration of NH and O H. The peaks at 1601 cm -1 and 1384 cm -1 can be attributed to the bending vibration of NH and CH. The very strong peaks at 1091 cm -1 are the typical stretching vibration of CO bond. Compared with CS the breadth of absorbing peaks of the CS/CNTs composites is much bigger. These results indicate that the surface of CNTs has been partly coated with chitosan. Fig.6 is the ESEM photographs of CS / CNTs composite powders. From the figure, it is clear that the tubular structure of carbon nanotubes is still intact after the surface of carbon nanotubes was crosslinked with chitosan. The external diameter of CNTs became thicker, from the original 40-60nm to about 100nm. According to the results of the FTIR analysis, due to a large number of active groups were existed in the surface of CNTs after purified and oxidated with the strong acid, chitosan was adsorbed on the wall of carbon nanotubes by electrostatic attractive action. With the increasing of pH value, Chitosan on the wall of carbon nanotubes uniform deposited. Finally, Chitosan on the surface of carbon nanotubes was crosslinked by the role of glutaraldehyde. Meanwhile, we can also see that the surface decoration, CNTs are bound together by the chitosan coatings, form beamed CNTs-bundles. From Fig 6 we also can see that the distribution of CNTs decorated by CS (Fig6c and d) is more symmetrical than the CNTs without decorated by CS (Fig. 6 a and b) and the shape of former is more clear than the later which expressed that the dispersability of CNTs decorated by CS is better than the CNTs without decorated by CS. 
CONCLUSIONS
In this study, we have successfully decorated the CNTs with chitosan by a controlled surface deposition and crosslinking process. In the course of coating CNTs with CS, the surface modification of CNTs by refluxing with concentrated mixture of sulfuric acid and nitric acid and pH controlling are two important factors. The results indicated that the CNTs acts as an effective surface to induce the formation of chitosan coating. The results of XRD and IR all expressed that the surface of CNTs were fully covered with chitosan. This condition resulted in the external diameter of CNTs became thicker from 40-60 nm to about 100nm which is very clear in TEM micrograph. We expected that this decoration can improve the biocompatibility of carbon nanotubes and the wettability of CNTs surface. This will enlarge the potential application of CS/CNTs composites in chemical and biomedical.
